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SUMMARY 
This paper presents the results obtained from presSUe-diStribUtiOn 
measurements iln the thiMest of a family of five relaked  propellers 
incorporating 16-series blade sections. Nine radial  s ta t ions were 
investigated with a variation of thickness  ratio from 2.6 percent 
t o  8.9 percent and covering a section Mach number range from 0.375 
t o  1.197. 
The data are  presented  in tabular form and no attempt i s  made t o  
analyze the data. 
INTRODUCTION 
The need for propeller-blade-section characteristics f o r  use in 
the design and performance analysis of  high-speed propellers has long . 
been recognized. With aircraft operating at flight Mach numbers of 0.5 
and greater, propeller blade sections operate at transonic and l o w  
supersonic speeds. In this speed range data have not been obtainable 
from wind-tunnel tests of a i r fo i l s .  The W e c t  determination of blade- 
section  characteristics fram measurements of the pressure  distribution 
on operating  propellers has been undertaken at the Lasgley 16-foot high- 
speed tunnel. Ln the present investigation pressure measurements were 
obtalned w i t h  ffve 10-foot-diameter  propellers  identical  in plan form 
and pitch  distribution  but  differing fn blade-section c&er and thick- 
ness r a t io ,  although a l l  of the blades were made with NACA 16-series 
sections. Three of the blades had a design lift coefficient of 0.3 for 
all blade sections and thickness ratios at the 0.7-tip radius station 
of 0.049, 0.066, and Oi090, respectively. The other two blades each 
had a thickness r a t fo  of 0.066 at  the 0.7-tip radlus station, and values 
of design lift coefficient of 0 and 0.5, respectively, at a l l  radii. 
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The results  obtained with the propeller having a design l i f t  coefficient 
of 0.3 and thickness  ratio of 0.066, the NACA 10-(3)(066)-033 propeller, 
are presented Fn reference 1. The present paper, the second of the 
series,  presents the .results  obtained with the NACA 10-(3)  (049)-033 blade 
design which is the thinnest of the five investigated. Although con- 
siderable analysis was performed to  verify  the  precision of the data, 
no attempt has been made t o  include results of analysis in t h i s  paper.- 
P 
The symbols used throughout t h f s  paper, some o f  which are defined 
in   f igure  1, are as follows: 
blade chord, f ee t  
distance from section leading edge t o  any point on chord, f ee t  
distance from section leading edge t o  any point about which 
pitching moments are  taken, feet 
section chordwise-force coefficient 
section drag coefficient 
blade-section desi- l i f t  coefficient 
section pitching-moment coefficient about quarter-chord point 
section normal-force coefficient 
propeller diameter, feet 
section chordwise pressure force, pounds 
section normal pressure force, pounds 
blade-section maximum thickness, feet 
advance r a t io  (V/nD) 
Mach number of advance 
helical section Mach  number (/-) M 1 + 
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m section  pitching moment, pound-feet 
I 
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n 
P 
propeller rotational speed, revolutions per minute 
propeller rotational speed. revolutions per second 
pressure coefficient (" 29 
statfc  pressure at a point on airfoi l   surface,  pounds per 
square foot 
P 
I fre'e-stream static pressure,  pounds per square foot  
P O  
SX : resultant aynamic pressure at a radial s ta t ion 
i 
R propeller-tip radius, feet 
radius   to  a blade element, f ee t  r 
polar ordimte,  feet  rP 
S 
V 
distance along surface of the blade section, feet 
velocity of advance (corrected  for  md-turmfi-wfl-  
interference effects), feet per second 
velocity  vector (r) v 1 + (y) WO 
W 
wi 
X 
ai 
CLX 
resultant velocity at blade section, feet per second 
induced velocity at blade section, feet per second 
fraction of propeller-tip radius (r/R) 
. .. . "_ 
induced angle of attack, degrees 
angle of at tack of blade element, corrected for induced flow 
and blade deflection, at radial s ta t ion x, degrees 
(P, - pr + AP> 
geometric angle of attack of blade elemnt  at radial 
station x, degrees (px.  - fl0) 
blade angle, degrees (equal t o  45' a t  x = 0.75) 
ax' . 
I 
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t 
blade angle at 0.75-tip radius, degrees 
twist in blade measured from stat ion x = 0.75, degrees 
blade angle a t  s ta t ion x, degrees (BO. 7 5 ~  = pt) 
change i n  blade angle caused by operating loads, degrees 
polar esgular ordinate, radians 
mass density -of air in f r ee  stream, slugs per cubic foot 
helix angle, degrees 
geometric helix angle, degrees Fan-' (J/Iuc] 
slope angle at  surface of section, referenced t o  chord, degrees 
Subscripts: 
L lower-surface  value 
U upper - surf  ace  value 
APPARATUS 
Basic equipment.- The investigation was conducted in   the 
Langley 16-foot high-speed tunnel using the 2000-horsepower dynamometer, 
pressure-transfer devfce, optical deflectometer, and other equipment 
described in  reference 1. 
Propeller.- The blade design dealt with i n  this paper is  designated 
as the NACA 10-(3)(049)-033, which indicates a 10-foot-diameter pro- 
pe l le r  having a t   the  x = 0.7 stat ion a section Kith design lift coeffi- 
cient of 0.3, thiclmess ratio of 0.049, and so l id i ty  per blade of 0.033. 
Of the five blade designs used in   the  invest igat ion,   th is  i s  the 
thinnest. The measured diameter of  the propeller was 10.05 fee t .  
Curves showing the blade form and design parameters are presented in 
figure 2. The thickness ratfo of the blade sections varied from 0.129 
at  the spinner surface to 0.034 at x = 0.95. The design l i f t  coeffi- 
cient of the 16-series sections used w a s  maintained a t  a constant value 
of 0.3 from the innermost sections outboard almost t o  x = 0.975. Near 
t h i s  s ta t ion  the corners of the rectangular plan form were rounded off 
and the thickness tapered rapidly so tha t  at stations between 
about x = 0.97 and the extreme t i B  the sections were no longer 
true 16-series sections. 
i . !  
! 
I 
w -  
I 
MACA RM LgL23 
In the two-bl ad .e configurati .on all dimen .sion s c l  
5 
.osely  .approximated 
. those specified. The manufacturing tolerances were 0.001 Fnch fo r  the 
section ordinates. Before making the one-blade t e s t s  it was necessary 
t o  retube the blade on which pressures were measured. In the tubing 
and refinishing process some of the sections were changed inadvertently. 
After the blades were retubed, the section ordinates were measured t o  
within f0.001 inch. The measured section ordhates are given i n  table 1. 
Changes in the value of design lift coefficients and thickness r a t i o  
are indicated in figure 2, and a comparison showing the magnitude of 
the changes at the x = 0.70 s ta t ion   i s ,  shown i n  figure 3. 
The thin sections used throughout and the addi t iona l  thinning of 
the tip sections required, respectively, the omission of the lower- 
surface orifice locations at 97.5 percent of chord included on the 
other blades of this series, and the omission of the upper-surface 
orLfice a t  95 percent of chord at x = 0.975. 
. TESTS 
8 The techniques and tes t lng  procedures  used i n  th i s  investigation 
are described i n  d e t a i l  i n  reference 1. A schedule of t e s t s  for 
the NACA 10-(3)(049)-033 propeller, which Bema a l s o  a6 an index t o  the 
data tables, i s  presented in table 2. A l l  t e s t s  ~ t h  this propeller 
were made w i t h  the blade angle set at 45' at the three-quarters radius. 
I 
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REDUCTION OF DATA 
The following equatioris, taken from reference 1, have been used 
in the reduction of the data presented  herein. 
The pressure coefficient i s  defined as , 
P - Po 
P =  
9X 
and the' normal force is defined as 
I 
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The  normal-force  coefficient  is  thus 
The  chordwise  force  is 
. . .. 
F, = $p  sinds = (9, - Po) tan %--c 
and the  chordwise-force  coefficient  is  thus 
or,  in polar coordinates, 
where  equation (1) is used to  evaluate  that  partion of chordwise-force 
coefficient  from 5 = 0.025 to = 1.0 and equation (2) is  used  to 
evaluate  the  chordwise-force  coefficient from 2 = 0 to - - 
C C 
C 
b 0.023. 
The  pitching-moment coefficient 
and  the  moments have been  taken  about - = 0.25. - C b 
RESULTS 
Tunnel-wall  correction. - The  usual  wind-tunnel-wall  corrections, as 
described  in  reference 2, have been  applied  to obtain,the equivalent 
free-air  speed. 
i 
s 
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Tables.- The data are presented in tabular ,Porn (tables 3 t o  ll); 1 
each t a b u l a  page contains the resu l t s  from one t e s t ,  and it w i l l  be 
noted  that a l l  values f o r  a given operat- condition l i e   i n  a ver t ical  
column. 
The nominal Mach number is  listed at the  top of each table f o r  
constant Mach  number runs. The exact Mach number of advance f o r  any 
point may be obtained wfth the equation 
MX M =  
G-$ 
Pressure coefficients.- A value of pressure coefficient if3 
tabulated f o r  the  leading and t r a i l i ng  edges and for  each or i f ice  
location that actually was incorporated fn the blade. In addition, 
there are included faired values of pressure coefficient for orifice 
locations at  g = 0.975 a t  all radial stations and i; = 0.gW at 
the 0.975 radial   station. The latter bear the. footnote "no orif   ice . I '  
The leading-edge pressure coefficient was computed for the value 
C c 
i 
of section helical Mach  number obtained in the t e s t .  In using this 
value of pressure coefficient, the assumption is made that there is  K) 
movement of  the stagnation point'away from the lea- edge. The 
assumption is  not  str ictly  valid,   especially  at   the high values of 
angle of at tack and normal-force coefficient, but the error involved 
i s  negligible. 
The trailing-edge pressure coefficients were obtafned from the 
faired pressure plots of which figure 4 i s  an example. When the fair ing 
of the upper- and lower-surface pressures do not close a t  a common 
value, only the lower-surface value i s  presented and i s  indicated by 
the footnote "lower surface only .  " 
Blade-angle deflection. - The blade-angle  deflection under operating 
Sonditions has been determined in most cases by measurement with an 
optical deflectometer. . Doubtful measurements have been checked by 
calculation, and the final tabulated  values of blade  deflect  ion, 
whether determined from measurements or computations, are considered 
t o  be accurate t o  within 0.lo. Blade-deflection angles have not been 
included in   the  tables f o r  cases requiring too great o r  doubtful 
extrapolat ions,  table  l l ( i ) ,  f o r  instance. A rough approximation of 
. the blade-angle deflection for these conditions may be made from an 
extrapolation of the curve obtained by plott ing the tabulated  values 
within a given table in  the  form of Ap against J. 
c 
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Induced-angle correction.- The use of the Goldstein factor allows 
an approximation of the induced angle of attack ai t o  be made. How- 
ever, t h i s  value fo r  the induced angle w i l l  usually be in   e r ro r  because 
the blade loading was seldom, if ever, the Betz or optimum loading, the 
only condition for which the correction i s  strictly applicable.  The 
calculation of the induced angles  for a propeller  with  arbitrary 
loading, which i s  required for a complete analysis of these data, i s  a 
subject for Purther work and i s  not treated in t h i s  paper. In refer-  
ences 3, 4, and 5 the induced angle fo r  a propeller.having an arbi t rary 
loading i s  considered in detail. 
Chordwise-force coefffcient. - The method used for  obtaining  the 
chordwise-force coefficient was the same as described i n  de t a i l  in 
reference 1. 
DISCUSSION 
' The present pager i s  primarily a presentation of data with l i t t l e  
or no analysis. Several representative plots have been presented for 
the x = 0.95 station, however, t o  show typical data. 1 
Figure 4 shows three pressure-coefficient plots for widely variant 
Mach numbers and s l ight ly   different  advance ratios, although a l l  
represent maxirmun loads  for  the power am+ble and the configuration 
of the model employed. 
The data f o r  figure 4(a) may be obtained from table lO(a). This 
distribution, which is f o r  a relat ively low Mach number, gives a high 
negative peak new the leading edge. Figure 4(b), from table lO(j), 
i s  a dist r ibut ion for  a somewhat higher Mach number. It ahows the peak 
reduced somewhat i n  magnftude but extending aft f o r  a considerable 
distance and then breaking more gently  than  in f i g u e  4(a). Figure 4( c 1, 
from table lO(n), is f o r  a low supersonic Mach number and shows the 
load  shifted aft  with a shock condition near the   t ra i l ing  edge. 
The values of Cn and Cm may be obtained from the integration 
of pressure plots such as those of figure- 4. These values may then be 
plotted as shown i n  figure 5r along with the other pertinent data 
presented i n  the tables. 
The variation of no&-force and pitching-moment coefficients with 
Mach number and Etdvance rat io ,  figures 6 and 7, may be obtained fram a 
cross plot of a ser ies  of Cn and a curves  such as those  presented 
in  figure 5.  Advance r a t i o  was used as a parameter for  the curves i n  
figures 6 and 7. It is usually more desirable t o  use angle of attack 
NAm RM L9L23 ' 9 
as a paxameter; however, the precise values of angle of attack have yet 
to be determined for these investigations. 
The differences in the cn values for the three plots .of figure 4 
may be associated  with  the  effects  Indicated  in figure 6, which plot 
shows the  trend of the normal-force coefficfent  with  the  helicd Mach 
number. Both figures 6 and 7 glve a comparison between the one-blade 
and two-blade data and indicate the extension of the rasp of both 
normaJ"force coef f ident  and section  helical Mach number obtained from 
t e s t s  of the one-blade propeller-. The differences between the one-blade 
and two-blade data, indicated in  figures 6 and 7 Etnd encountered in   the  
data from the  tables, are a problem of analysis involving consideration 
of several factors including the change in  airfoi l   sect ion caused by 
retubing and refinishing the one-blade sections and w i l l  not be t reated 
in this paper. The data should be regarded as propeller section data 
which are  not  necessarily  directly comparable with two-dimensional 
a i r foi l   data .  
Langley Aeronautical  Laboratory 
Nat iona l  Aavisory Committee f o r  Aeronautics,. 
5 Langley Air Force Base, Va.  
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-.200 
2.1132 2.138 
,837 .s29 
1.93 2.48 
2.90 3.94 
2.30 2.82 
-4406 .939 
- . w 5  -.* 
-.m -.€& 1.m 1.m 
-.614 -.7M 
-.7lo -.m -.= -.m 
-273 -.260 
-.263 -.259 
-.299 -.297 
-.3l6 -.p2 
-324 -333 
"31.3 -323 
-063 -.on 
-.lV -.l@ 
. p 3  .420 
a239 -3.26 
.I-$ .2u 
:2 :E2 
:% :g 
WJ * 
.wJ .lo5 .a67 
.a% 
.lo3 .la9 
.UO .m 
. u 5  .uo 
I 
. . .. . .  
w 
o\ 
prassurs axrficient, P 
I *. 
I 3.14 3.45 
Rasauro L w O f f l O i & ,  P 
.. . . . . .  . . . .  

I 1 
.... . 
I I L 
. . . . . . . . . . . . . 
. .  . . . . . . . . 
1.923 
,617 
5.lA 
2.03 
3.79  
.w -.a 
2.435 
.663 
2.14s 2 . 4 1  1.m 
.630 .e .a9 
2.33 3.24 4.46 
1.28 133 1.88 
1.99 2.52 3.25 .* .w .w -.02gO "0% -.Wl 
-1.19 
-.c 
.&a .37 
-.Om 
0 
.a .e3 -.?8 -.m -1.42 -1.- 
.om .os> "a&o -.orgl 
-.2h 
-.a -.crqu -.OO - . O B  
mlm coemciant, P - 
1.120 
439 
.1$ 
-.os 
.033 
-.Oh9 
-.os3 
-.oQ 
- .lo1 
-.UT 
-.m -.& 
.OX3 
l.U .a4 -.* 
-.w5 
-.MS 
4 9 2  
-.WS -.la3 
-.E4 
-.UT 
-.1* -.a 
.w 
1.113 
-.aa - .w3 
- a 4  
-.u 
-.EA 
-.os4 
-.log -.lZk -.a 
-.I.%? -.w 
.w 
1.106 
- -w -.w 
- .m -.a08 
-.@ - .E2 - .14l 
-.m -.m -.m -.m 
.m 
-1.367 -.735 -A70 -.Ill 
1.101 l.m 1.106 1.m 
-.m -.m -.342 -.1n 
- . 4 5  -&I -.as2 -.I.& -.34 -.& -.2Ol -A1 
-.m -.1% - a 4  
-.a30 -.l93 -.m -.m 
- .2T -.a3 -.m -.E$ 
- . 2 b  -.Po -.m -.1$ 
-.226 -.2w -.1% -.145 
-.I& -.141 -.X2 -.os6 
1 . w  ' 1.m .= .@S 
-.023 
.065 
-.065 -.ow -.m -.os 
-.m - .w3 -.m -.m 
-.Kg -.M -.le3 
"U3 -.ub 
-.m 
-.m -.on 
:l.J -.TI4 I -.& 
-.m -.* .- 
-.174 -.2l2 
-.164 -.W3 
1% 1% 
-.Dl -.$ 
-.la3 -.Em -.E7 - .145 
.olg .om 
" 
L 
.3& .2a5 
.I3 .a :g 
.OW 
.OM 
.w1 
.OM .ole 
. O B  
.*7 
.ajs 
-.w3 
.O* 
.O* .ole 
.w 
.w 
"006 -.& .ol4 
.l% 
.065 -
-033 -.a -.MI 
-.m 
-.M3 
-.m -.as5 -.cos 
-.015 
-.w .ole 
. W  
.065 - 
-.x% 
- .* -.& - .O# - .OU - .ol7 
-.m 
-.w - .Ol5 
-.wl 
- . O S  
.OD 
.047 - 
-.mu 
.w7 -.w 
-w3 
.Oll 
.w3 .a06 .@ 
-.w -.ms . 011 
.09 .w - 
"040 I -.m 
.063 .& 
.043 .os 
.os .0$6 .m .OB .oa$ .ow 
-.m I -.o& 
.a% I .OX3 
1 
I I  I I I '  I I '  I 
. .. 
t L I 
I 2.140 .?x 2.36 n.w 2.66 .33w -.Om - 1.G .38 1.B I l .0 l  'F -.& -.* 
.6ao -.egl -.m -.a -.@ 
-.m -.* 
,503 -.eo8 -.m -.a -.e64 
8.9% -.m -.a 
-1.103 
1.150 
- 3 3  -.* 
-.a3 
-.em 
-.w -.a+ 
-.m -231 
-.m -.& -.& 
1.165 1.172 
* a n  .do 
.413 
.me - .049 .dl 
-.E9 - . q e  ".ug -.wo 
4 3 5  -.116 
"119 -.U' 
-.@x -.a 44 a  -.I39 
-.ne3 .w 
-.m -.m 
-.lo1 -.a 
::g :$ 
::E -.& m 
-.ow "0% 
.O& -.m 
-,.016 . -.a -.olg -.a 
-.Ow .w - .m3 .m .w .43 .& .m .060 .leg 
-.m 4% 
-.m -.la 
-.w -.fie -.leg -*a -.m -.wo 
.oa 0 *on -.a -.we -.a 
.003 -.M3 
.014 .016 :z I :% 
.. . 
50. 
%J$-pF 1.16 
.n I 
-.Om I -*Om 
- 
1.m .an -.u6 
44 
-3.9 -.w -.w 
-.1@ 
-.lB -.* 
- .llQ - .193 
-.dl0 
.046 
- .w .Dl4 
.w 
.Dl0 
0 .wl 
-.w3 
-.014 
-.w3 
-035 
.a 
.a1 
 
Pres# 
-.om 
I cwmicient, P 
1.a 1.a .hkl 
.l@ .Za .m 
-.m -.m .067 .w -.on -.OBI "096 "46 -.m -.u4 -.m -.143 -.la -.170 
-.in -.176 -.m -.m 
-.m -.w5 
- .m -.m 
-.7w 
-.a3 -.OM -.os -.w 
-.m -.a26 
-.m -.m -.& -.m 
-.OB -.w( .ox -.m .oa8 .opI 
.053 .w .ass .063 
-.& 3 
- 
1.191 
4 7 6  
-.a59 -.a 
-.d 
-.a -.&a 
-270 -.w 
-.lV 
-.&32 
::E 
- 
1.M 
-24.5 
- a 4  
-.m -.m -.m - .l65 - .1* 
-.Is -.Ea -.Po 
-.M 
-.063 
Leo6 La03 
~~~ 
.OB0 
.m .& 
-.w 
-.035 -.W6 -.m -.la -.* 
"u.9 -.x6 -.lo7 
"033 -.a& 
-.me -.os6 
-.la2 -.1m. 
-.m 4 7 4  ~ 1 6 2  4 5 2  
-.u2 "121 
-.@5 -.m -.u3 -.a -.& -.a46 
-.a -.re? 
-.tu9 -.w -.m -.w -.om -.m 
-.m -.m 
0 
.m .m 
-.w3 
.&a .a0 .a60 .os0 
-.m4 -.w 
1 
" 
5 
C 
C 
C - 
-.la -.lo3 -.w I -.m 
-.w -.m 
- . ~ 3  .17h -.I& I 1.176 
.393 .m .la 
. ll5 .08e 
:% 
.OP .us 
I 
I 
I 
- .015 
.341 
.a3 .=9 .CY? 
.Q75 .m .& 
.OB .ma 
.Ill0 .m3 .re3 
.O* 
.Is3 
.ag6 .a6 
.033 .w .w. 
0 
.w 
-.m .m .mB 
.m .oe6 
:.B -.out -.a -.m4 
-.oe2 -.a3 
-.os -.os 
-.a -.m -.ow 
-.m -.ols 
-.a7 -.a9 
-.a3 .w4 
.w5 .w .m 
.m 
.m .015 
-.w -.w -.a -.w -.w 
. o s  .om 
.Ob .030 
.MD .m .om 
-w Ll k orifice. 
. .  . 
I 1. 
- 
2.62 
.a5 .w 
1.96 
2.01 
-.m 
.&I¶ I -3.M -95 -.m - .@ .w 
1.- I 1.H l.& .493 .w .up - .046 -.a 
-.w 
-a114 
-.le9 -.eo8 
-.w -.uI 
.Om 
1.W 
:% .la 
-.o% 
-.031 
-.Ill 
-.w 
-.161 -.u7 - .fa1 
-.w .UI 
Lee1 
- . 3 3  ! -.m 
"3 ! 
-.4G : 
-.a0 
, 
: 
.145 
0 
-.u 
-.a 
- 3 9  -.uo 
-.e30 
- ,176 
..a36 
- a 3  
.051 
-.@7 -.* -.s 
-.lha "969 
,060 
.a54 .056 .G26 
,083 
.oao 
.lU 
,190 - 
-.E4 I -.& I -.ON 
. .. 
, = 49 .  - 
2 . 3 9  
.933 
.04 
1.U 
.44 
- .049e .m 
-m 
1.18 1.03 
- 
2.492 
.s94 
-1.83 
-2.38 
-.TI -.m 
-.0519 
- 
- 
1 . ~ 7  
.w 
.a . eS6 
-.063 
-*OS6 
-.OBI 
-.om -.m 
"156 -.I# 
- .w .a4e 
2.w 
.9m 
-LOB 
-1.W -.l3 
-.a55 
- .w7 
h F-luaaurs c n f f l c m .  P C - 
1.m 
-.* 
-.1* 
-.m -.m 
-.167 
-.I94 
-.egg 
-.m 
- 3 4  
.079 
-. ZX 
- 
1.23 .a 
.l60 
"082 
.au 
-.m -.OM -.Lu 
-45 -.m 
-.w -.m 
.053 
1.250 
- .E3 -.& 
"297 -.* - .235 
-.a -.2& 
-.m 
-.3@ 
-379 
- . 4 y  
.oog 
1.s Lag 
-3% .w .m .a I 1.235 1.m .1w .Ea 
-.WT -.a 
.ou . o s  
-.u3 -.m 
-2.32 -.lq 
-.u2 -.lo7 
-.a3 -.* 
-.1@ -.m 
-.a> -.& -.* -23 
-.w1 -.m 
1.930 1.W 
.e35 .303 
"052 -.a 
,056 .m 
- . u 3  -.I-& 
-.m -.m -.m -.@ -.I3 -.w -.m -.I# -.Po -.m -.e48 -.2l6 -.w -.a91 
.065 .on 
-.224 I -.191 
-.op -.os1 
.a39 .w 
-.on -.m 
-.w -.w 
-.1 -.lob 
-.1* -.I63 -.m -.In -.cg -.m .049 .os6 
43 -.l$o 
-.x9 -.EL8 
-.176 -.w 
-.B6 -.& 
-.a7 -.la3 
-235 -.x6 
- .Em -.a 
-2.42 -.m 
-.34n -.R6 .068 .074 .oi7 I .07b 
I
-.% -.m 
~ -c+ -.OB 
-.w3 -.m 
* la2 
.239 
.061 
.& 
.oe4 .w 
.OuS 
.m 
-.0* -.a - .O$l 
.oIp 
.wI - 
.w 
.OE 
"033 -.a%? 
-.w7 
.wB 
-.w -.au - ,030 -.@ .ml .& .l37 
-.OM .016 -.a 
-.ma 
- .Olo .w3 
-.m - .oq 
-.w 
-.034 
.Oll .a6 
J37 
-A75 
-.$3 
-.w 
.a. 
-.m .a3 -.ma 
-.Om 
- .UT 
.oos 
-037 
.m 
.lo1 - 
- .a3 
"715 -.a 
-.Om 
-.m 
.m 
-.a 
- .oa? - .au 
" .w3 
.OX3 
.ws 
.lCQ 
7 
.031 .017 
.a31 .OZ2 
,010 .a 
,006 .003 -.& -.& 
-.a24 -.a
-.os -.on -.mi? -.@x 
.m .m 
-.o- -.oxl -.w -.w -.ow -.m 
.m .oz? 
.m .OB0 
.146 . u 6  
Y 
' I '  I' 
ch 
1.a .068 -.OB0 -.us 
-.W -.l6l 
-.w - .w -.a -.a -.u -.x6 
-.w 
.x@ 
n o s e  .oe4 
.Ogl 
 
:z 
-.m 
-.OS 
-.os4 -.om 
-.OB 
- .oh5 
2.30. 
.m 
-.E@ 
-1.Q 
.m 
"093. 
-.1m -.I@ 
-.u - n u n  -.lea - .E6 
::g  ::  -.240 -.!& - .a40 -.a - .e5 
.m 
- .360 
.a9 
"040 
..a1 
-.w3 - .m 
*c# 1 
I 
-.m I -.m 
-.m - .4l9 -.E33 -.326 -.a 
.OW 
"263 
.017 
.02l 
.OW 
0 
-.o% I -.oh 
e.kM 
.9P .9h  
-1.52 
- .87 -1.15 
-2.6. 
-.u - e 3 9  
2.b32 
2.m 
1.09 
1.17 
.7e 
1.Z 
.m 
-.Of%> 
.OW? 
1.m 
.1% - .m3 -.om -.la - .146 
-.13 - .170 
- -193 
- .& - ,241 
" .3B -.a 
e . m  
1.m 
1.00 
* 75 
1.91 
.I635 
-.OB6 
.ole3 
2.956 
1.(116 
.m 
1.m 
.07 
-.m 
.m3 
.w 
':3 
.a49 -.on 
-.LP 
- .1q 
-.la -.la 
-.m 
-.=e 
-.m -.3@ 
-.B 
.a33 
.mh 
- .o -. 
mm mciiiclrmt, P 
1.280 1.m 
.Ea 
1 . m  
.M 
1.e 
.m .w ,337 .l55 .3ee .I97 
-.UT 
-.MI .a 
-.m .mu -.w 
.a35 
- . U O  
-.a7 -.le6 -.U3 
- . U T  -.us -.U? 
-.la7 
- J 4 T  - .156 - ,140 -.l61 -.la -.la -.I& - .174 -.m 
-.m 
-.Em 
-.m 
-.a53 -.E63 
-.a - .el4 
-.m -.a59 - e 3 3 2  -.Em -223 -.UP -.x5 -.w -.01 
-.M 
-.la 
-.a6 -.a 
-.m 
-A33 
"111 
-.m - 3 2  -.a7 
.a28 
-.a -.s 
-.I34 
.46 
-.Is1 "253 
.014 . O S  
.045 .Qa .om "149 
.m -0u .Q?l .FA .os8 
"W -.om -.w -.OM - .043 -.&1 m 5  
-.m -.w "Ogg -.m -.* 
-.OS -49 -.m3 -.m - .041 -.077 
-.053 -.Mc -.m - a 0 3 3  -.re -.m 
1.267 
A 5  
.$$6 
.ogc 
-.m 
-.M 
-.La - .l@ 
-.M 
-.m -.& 
-.gee 
-.w 
- s o  
"442 
- . h p  
-.m -.a 
-.la 
.016 
-.m .ozs 
"M1 
-.a6 
-.005 
-.WE 
1.263 
.473 
.RO .u -.oh 
-.m -.m -.m 
-.e69 -.Po 
-.001 
::E 
1.263 
-.& -.I& 
-% . 
"534 
-.m 
-.X6 
-.323 
-293 
-Am .m 
.w 
.013 .oeB .& .OM 
2 7  
1 .qo  
2.38 
.18 
-.47 -.or48 
-.a$ 
.ow 
-2.43 
1,102 
1.14 
-1.42 .a 
4'43 
-.om 
,0149 
2.238 2 . W  
1.m 
1.61 
1.17 
-.ss 
-.om 
,0143 
2.139 
1.136 
2.12 
1.58 
-.42 
- .0736 J830 
-0U7 
Pxeeaura cosfflcient, P 
1.3& 
.349 .I&? 
.067 - .049 - -076 
- ,076 - .u4 - .l37 - .le2 - .a7 
- ,346 - -276 
1.328 
.428 . 248 
- .01 
-.W - .o€a - .Lz9 - ,137 - ,186 - 234 -.eo 
-355 
- .2&2 - ,143 - .le3 - -119 - .m - ,117 - .UO 
-.w - .op - ,030 - .w4 - .OEl 
-.a 
141 
.w 
.060 .086 
.&e 
. O S  
,043 .W 
- .Ol6 - ,034 - ,034 
-.034 - .035 
-.342 -.ea - -975 - .m - .1@ - .I73 - .1p - .l* - .I92 - J.35 - .061 
0 
-.Ole 
-.w - .el4 
-.246 
3.166 
-.m 
"153 
- 9 1 5 0  
- a 3  
- 0 1 5 9  
-.lo3 
-002.7 . 0u 
.030 
. . 
I 2,244 2.oBl 2.m 1.4 3 . n  3.7a .m 1 .E33 1 .w 2.33b -.01 .60 .m . u 3 5  -.m .an 
l.& 
"OSC 
.ID 
- .ll7 
- .lo5 
-.us -.m - .u6 
-.E4 
- . m  
-.I93 
- 2 3 7  
- .U? 
C 
1.W 
- .155 - .m 
- .Is8 -.a 
-.m -.@I -.w -.u6 -.* 
-.E75 
-.!a3 - .Ibo 
1.l& - 4% 
-1.063 
-1.o.u -.m 
-.322 
-.a 
-.m 
"330 
-A01 
"390 
-.m - .a3 
1.179 
-1.330 
-1.39 
-1.238 - .* - .&? 
"375 - .3$1 
-.m - .434 -.u -.& -.m 
-1.26 
1.m 1.a I 4.m 1.188 -.m 
-1.m 
-.w - .m -.m 
-261 -.m -.w 
-372 
"35b 
-.m 
-.*e 
-1.* 
1.- 
-1.m 
-1.153 
-.42 -.% -.m 
-.3% -.* 
"42l 
-.43 
-.m -.& 
1.194 
-.h 
-.m 
- . a 3  
-.dl 
- . e 2  
-.el - .a? -.a 
-.?a -.w 
-43 -.sa 
1.m 
"5 
-.a9 
-.a2 
-.U4 - .l67 -.la -.x% 
-.m -.a49 -.m -.w 
-.lb 
.on5 
. 4 5  
.a .m 
.3m 
.4m 
.m 
-6% 
.m 
w 7 5  
.925 
1.m 
.am 
- 
. 3 3  
.w 
.& 
.143 .ll2 
,067 .065 
.067 
.065 
A43 
.017 
.om 
-.Ox? 
-.&a .m6 
- .015 .w5  
.o& 
0 
- .03 
. OU 
- .ol3 
.a45 
.063 .* 
.065 
.w 
.lo3 .a 
. O S  
- .OU .e 
.OU 
.OP -.023 
.OM 
.O% 
.w .OB 
1 
I. 
I 
IU 
L 1 
. .. 
2.110 
-.14 
2.33 
1.u .eo .z6 -.ut 
.E 
,932 ,938 
.ole3 .ow 
.1@l ,144 
- . O M  ..&at ' 
~~~ I 
" 
4 . G  
4.9s 
- .lR?6 .7%1 
l.24Ll 
.3u 
- .a77 .012 
-.lee 
-.I@ 
-Ah6 - ,153 
-J74 
"249 -.* -.a -.a 
1.20 -.la 
- .3$6 
-.m -.& - .&5 
-.* - 473 - .3m 
.& .l48 .ll2 
.033 
.os3 - . O l g  
a¶ 
-.0q 
.ole 
. O B  .oh0 
,040 
.039 
.- "E . 
::3 
 
- 
1.m I 1.m 1.2% 
"055 
.e33 
"120 
-.l47 
-.la 
-.I65 -.l@ -.m -.e68 
-. 
1.d 
"999 -1.m 
-1.a 
-.a33 - .643 
-.% 
-.PI 
- a 6 4  -.& 
"395 - ,404 -.w 
-1.183 
1.m 
-1.a 
-1.l33 -.w -.m -.E64 
1% 
-% . 
"2 
-.336 
- . 6 3  
-.m 
- * 4 3  
-4.7 
-.ml - -09 -.MI 
- .Osl 
-.os1 
.OIp 
- . O l 6  
-.w 
"039 
.O* 
.M 
.OS .ma 
.sa7 .4#i 
.m :g 
.lU 
.we .as4 
.OS6 .a5 
.0$7 
.m .we 
0 
. .. . 
I 
1.239 
.@ .m 
-.m 
-.m 
- .I48 - .145 
- .172 - .l9 
-.a - .a46 -.* -.m 
l.* 
.245 - .043 - .u7 -.le4 
- .147 - .w -.m -.I& - .m - .@ -.Bo - .OM 
1.243 .En 
-.c% 
"I3 - .1P - ,199 - . 4 S  - .179 - .1* 
-.m -.u -.w - .ol4 
LE52 .E6 
-.174 -.m 
-.Wl -.m 
-.1@ 
-.E6 
-.w 
-.a35 
-.x6 -.$a4 
-.OX 
1.m 
.ago 
-.w -.I9 - .2 lT -.m - . l a 3  -.a6 
"235 
- -300 
-.340 -.w 
-.m 
1.m .ob$ 
-.E93 - .& 
-.ego 
- 2 3 3  
-.eo3 
-.u6 
-.@ -.m -.a -.u3 
~ - .141 
1.275 - .076 -.w 
- 3 3  -.p3 -.e86 
-252 -.qa 
-.e99 
-353 - . 4 n  -.w 
-.w 
1.236 I 1.M 1.263 
.001 - **7 -.?x3 
-6% 
"259 
-.m 
"239 
I:%, 
-.390 - ,485 
-.w 
Leg1 1.237 
-.a1 -.m 
-.G3 -.453 -.!tu -.440 
-.?a1 -.376 
-.333 -.w -.a6 -.&9 
-.D -.?.lo 
-.345 -.x33 
- . b 3  -.3* ..w -A1 
- . a 3  -.* - . w  "530 
l.Oo0 1.23 
.w .om .E3 3 3  .loo -.OB .am -.m 
-.la -.Is 
-.437 -.w 
-.b7 -.4la - .351 - .363 
-.fl - . 3 E  -.* -.m -.m -.3m -.m -.3* 
-.470 
-.m 
-.a .m 
- .041 .a& 
-.m .m 
-.a& 
.O* 
* e a  .w .I33 
- .ll2 - .m 
-.w .a7 
-.OB 
.&I 
-.a 
.m -.a 
.w 
,040 
.la3 - 
.IS .a30 
.067 .Om 
-.024 
.O% 
.w1 
.OP 
-.w .c&l 
.014 
.ob .060 
.a 
.24l 
. U S  .a 
.lag 
.096 
.OB 
-.032 
.w .w . OU .& 
.m3 
- 
.B3 .26O .x3 
-096 
.u6 .a% 
.w 
.a35 
-.OS .M1 .OD5 
. O M  
.020 
. 4 u  
. a 3  
.&4 
. l l 5  
.111 
. U T  
A37 
.M 
-.032 
.w .@ 
.w 
.m 
. .125 
.OB 
' 
. .  .. . .  
'I 4 
. .  
* 1 
. .  
b # 
2.04 
1.W 
1,069 
4.18 
1.m -.om -.3u 
-. 1:s 
-.a7 -.e39 -.e 
-.36 
-.f7 
: 3 
.m 
- s u e  
.w 
- .1u - .l% - -133 
-.15 -.w -.a3 
-.3& - .429 
-.% - ,424 
-.xE 
-.el7 .Ea 
,014 .a& 
"aeg 
 
,080 
:% 
,050 .w - 
- 
1.072 
2.083 
3.08 
1.10 
1.93 
.3w7 
- . m 3  .olzh 
- 
2.038 
1.W 
3.66 
1.42 
2.13 .m 
-.oeo6 .mal 
- 
2.ca8 
1.034 
3 . P  
1.56 
2.3) .s39 - .oep 
. o m  -
- 
1.335 
.E6 
-4.5 
-.Is3 -.w -.I& 
-.Ub 
-.me 
-.lR 
- . 3 3  
-.a63 
-393 - . e74 
.cag2 
. O l l ' 7  
c h  I - 
1.321 
-.lb 
.eo5 
-.I52 
-.163 
- A 2  - * 137 
~ * 193 
-.I65 
-.e33 
- . a 3  
- 3 3  - . 4 p  
- 
1.M 
.179 -.In 
-.1* - .1-@ 
-.172 - . a 5  
" .lfl 
-49 
-.@ 
-.@ -.a - . e74 
GijTFJ -.m -.a1mPresmraca -.m  
-.M -.& -.u 
"121 -.la. -.r& -.ll%  o3 -.m -.uI -.us 
-.EQ 
-.lb 
- . a 4  -.2p -.* -.w -.a -.a 
-.49 "3 
::,d ::3* -.g 
ICiene, P 
-.w7 I -.mi 
.&7 I .mi I -.obi 
.m I -.Ms -.oTj -.e -42 - -.ID5 -.la -.ul 
-.& -.m -.m -.m - .u6 -.E3 -.I& -.E6 - A 3  -.w -.m -.242 -247 - A 3  - .a3 -.a1 
-.1m -.m 
-.e39 -.& -.m 
-.$l -.$E 
-.M2 - A 3  
-.m 33e . 3 Y  -.4m I ::w I :.a7 
:z I :E .403 . a 3  
.a6 .la 
. U T  .w .ass 
. O S  
-.018 
.036 
.OB0 .log .121 - 
.133 .w5 
.160 
.1M .a7 .004 -.m$ 
.43 
a m 7  -035 .oa8 .036 -.& -.os 
.~ I .a4 I .m .&a I .os  
.a5 I .ou 
a 
E 
P 
-.a 
1.m 
.ITk 
-.om 
.m. 
-.@I 
e m 5 9  
I I I I I 
-:g . 
-.& -.w ..a2 
-.m -.m -.la 
-.a -.@7 
- .* - ,176 -.a3 - . m  
-.m -.& -.I.& -.lw -.m -.& -.om -.w -.ue -.m -.m .-.m 
114 MACA RM L9L23 
? 
Figure 1.- Vector dfagram of the velocities and force8 acting on a 
blade section. 
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Figure 2.- Blade-fora mimes f o r  NACA 10-(3) (049)-033 propeller. 
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Mgure 3.- B l a d e  eectione at x - 0.70 etation. 
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Figure 6.- Effect  of Mach nrmiber on normal-force coefficient at 
a 16-303.4 section. * 
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Figure 7.- Effect of Mach rimer on pitching-moment coefficient at 
a 16-303.4 section. 
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